Aims/hypothesis We analysed the factors that determine the outcomes of surgical treatment of osteomyelitis of the foot in diabetic patients given early surgical treatment within 12 h of admission and treated with prioritisation of footsparing surgery and avoidance of amputation. Methods A consecutive series of 185 diabetic patients with foot osteomyelitis and histopathological confirmation of bone involvement were followed until healing, amputation or death. Results Probing to bone was positive in 175 cases (94.5%) and radiological signs of osteomyelitis were found in 157 cases (84.8%). Staphylococcus aureus was the organism isolated in the majority of cultures (51.3%), and in 35 cases (36.8%) it proved to be methicillin-resistant. The surgical treatment performed included 91 conservative surgical procedures, which were defined as those where no amputation of any part of the foot was undertaken (49.1%). A total of 94 patients received some degree of amputation, consisting of 79 foot-level (minor) amputations (42.4%) and 15 major amputations (8%). Five patients died during the perioperative period (2.7%). Histopathological analysis revealed 94 cases (50.8%) of acute osteomyelitis, 43 cases (23.2%) of chronic osteomyelitis, 45 cases (24.3%) of acute exacerbation of chronic osteomyelitis and three remaining cases (1.6%) designated as 'other'. The risks of failure in the case of conservative surgery were exposed bone, the presence of ischaemia and necrotising soft tissue infection. Conclusions/interpretation Conservative surgery without local or high-level amputation is successful in almost half of the cases of diabetic foot osteomyelitis. Prospective trials should be undertaken to determine the relative roles of conservative surgery versus other approaches.
tendencies in the treatment of osteomyelitis of the foot in diabetic patients can be defined as conservative, treatment by antibiotics or surgical. The problem lies in the fact that some of these conservative medical approaches include 'limited debridement', which increases confusion as this is essentially surgical treatment too, and often the type of surgery performed on the bone is not clearly defined. In our view, the term 'debridement' should be used when referring to the removal of infected, devitalised or necrotic skin or soft tissue, but when referring to surgery performed on infected bones, more accurate terms should be used to make it possible to establish comparisons between the results of the different working groups. On the other hand, patients undergoing surgical treatment are also treated with antibiotic therapy, with variable postoperative periods and patterns. Another problem many series pose is the fact that the diagnosis of osteomyelitis is done on the basis of different clinical and radiological tests, but not confirmed on what is regarded as the gold standard for diagnosing osteomyelitis, namely histopathological study of bone involvement.
Because of these issues, we know little about infected bone histopathology in patients with diabetic foot complications. There is currently a tendency to define these processes as 'chronic osteomyelitis', while not knowing exactly the type of inflammatory infiltration occurring in the bone. It is known that both the behaviour and prognosis of patients with osteomyelitis are different depending on whether osteomyelitis, soft tissue infection or a combined infection are involved [4] , but we do not know whether the histopathological type of osteomyelitis depends on an association with soft tissue infection and whether this has any influence on treatment or prognosis. The philosophical basis of the treatment for osteomyelitis of the foot in people with diabetes to which we subscribe involves early surgical treatment prioritising preservation and an attempt to avoid amputation so as not to alter the foot's biomechanics. This is followed by postoperative bone-culture-directed antibiotic therapy. To our knowledge, there are no reports in the medical literature on outcomes of this type of care in a cohort of patients consisting entirely of histopathologically confirmed cases of osteomyelitis. Here, we present the results of surgical treatment of osteomyelitis of the foot in a consecutive series of 185 diabetic patients with histopathological confirmation of bone involvement. We also analyse the factors that have an influence on the failure of conservative surgery.
Methods
We abstracted data from 498 consecutive patients with diabetic foot ulcers treated in the Diabetic Foot Unit of La Paloma Hospital as inpatients or outpatients from 1 October 2002 to 31 October 2007. Of these, 292 patients suffered from infection, and among this group we studied 185 patients with osteomyelitis. Many of the patients had been previously managed by other clinical teams using other approaches, including antibiotics. All patients included in this study gave written informed consent prior to surgical treatment.
The infection diagnosis was established on the basis of the presence of purulent secretion and/or two signs and symptoms of inflammation: induration, erythema, pain, raised temperature, lymphangitis, fetid odour or gas formation [5] . Patients treated for dry necrosis as the first lesion and who became secondarily infected were excluded, We defined 'primary infection' as when the infection was responsible for all the tissue damage and was prior to necrotic changes. Cellulitis was defined as skin and subcutaneous cell tissue infections, with no soft tissue necrosis. In cases of bone infection associated with soft tissue infection, we excluded cellulitis, since the latter will be practically constant as a reaction of soft tissue to bone infection.
Abscesses are purulent collections in any compartment of the foot. The diagnosis of necrotising soft tissue infection (NSTI) was established if necrosis of the skin or other tissue planes was found during initial examination or if soft tissue necrosis was found during surgical intervention. We classified NSTIs as necrotising cellulitis if they affected subcutaneous tissue and the skin, as necrotising fasciitis if they affected the deep fascia and the tissues located above, and as myonecrosis in cases where muscular necrosis was present. The preoperative diagnosis of osteomyelitis was performed on the basis of a combination of probe-to-bone test through the ulcer and a radiological study of the foot. When no radiological changes were present, and the bone was exposed or probed, the patient was operated on. We excluded one case of septic arthritis from this study. Osteomyelitis location in the forefoot included the metatarsal heads and their distal region; locations in the midfoot included the region from metatarsal neck toes Chopart's joint; and those in the hindfoot included the area from Chopart's joint to ankle. Lower limb ischaemia was diagnosed if any of the following criteria were met: absence of both distal pulses, an ankle/ arm index below 0.9 or transcutaneous oxygen pressure of less than 30 mmHg. The neurological examination was undertaken using Semmes-Weinstein filaments (5.07= 10 g) (Novalab ibérica, Alcalá de Henares, Madrid, Spain). The test was conducted at six plantar sites on the forefoot (big toe, third and fifth toes, and the metatarsal heads of the first, third and fifth ray), two in midfoot and one in the heel. We defined neuropathy as three or more sites insensate to test stimulus. Leucocytosis was defined as leucocyte count >11×10 9 /l. Thrombocytosis was defined as a platelet count higher than 450×10 9 /l. All patients were operated on within the first 12 h after admission to our unit.
We defined debridement as the removal of devitalised, infected and/or necrotised soft tissue. Conservative surgery (Table 1 ) was defined as procedures in which only infected bone and non-viable soft tissue were removed, but no amputation of any part of the foot was undertaken. Conservative surgery conserved more distal tissue. Minor amputations were defined as procedures involving a partial amputation of the foot, including bone and soft tissue distal to infected bone, but not involving the ankle joint. Major amputations were those performed proximal to the ankle. Failure of conservative surgery was defined as the need to perform any amputation of the foot in two settings: (1) impossibility to perform a conservative procedure during initial operation; or (2) the need to perform any amputation later than an initially conservative surgical procedure.
During surgical intervention, samples were extracted from the affected bone for analysis by microbiological and pathological laboratories. Microbiological data were lost in nine patients. Surgical wounds were left open and packed with gauze soaked in hydrogen peroxide or calcium alginate. Patients were asked about prior admissions for previous antibiotic treatment. All patients were given an initial empirical antibiotic treatment with ampicillin/sulbactam except in cases of associated allergy. The first dose of ampicillin/sulbactam (2 g) was administered during anaesthesia induction. When cultures and antibiograms were available, antibiotic course was modified according the results. Postoperative antibiotic treatment was very variable. Generally, when the wound was totally occupied by granulation tissue and the operated bone was not exposed, antibiotic treatment was discontinued.
Repeat surgery was performed when necessary to control infection. Wounds were left open to healing by second intention. Surgical wounds for major amputations were closed. Wound management varied up until January 2004. From that date biocide charcoal dressings with silver were systematically used (Actisorb plus 25; Johnson and Johnson Wound Management, Somerville, NJ, USA). Perioperative mortality was defined as death occurring within 30 days after operation. Healing was defined as complete epithelisation of the ulcer and/or the surgical wound performed to operate the bone infection. All patients were monitored until their wounds healed, except for nine patients who were lost to follow-up and three patients whose wounds had not healed at the end of study.
For the calculation of healing time we excluded patients with major amputations because their wounds were closed during surgery. Histopathological findings in bone specimens were defined as acute osteomyelitis when necrosis, destroyed bone and infiltrations of polymorphonuclear granulocytes at cortical sites and inside the bone marrow were present. Congestion or thrombosis of medullary or periosteal small vessels was also a frequent finding. It was defined as chronic osteomyelitis when there was destroyed bone and infiltrations of lymphocytes, histiocytes and/or plasmatic cells at cortical sites and inside the bone marrow. It was defined as acute exacerbation of chronic osteomyelitis when there was a background of chronic osteomyelitis, upon which infiltration of polymorphonuclear granulocytes was imposed. All three cases of osteomyelitis exhibited areas of fibrosis in variable forms and medullar oedema.
Discrete variables were compared using the χ 2 test and in the case of two independent samples the median comparison was performed using Mann-Whitney U test. In the case of three independent samples, non-parametric statistical analysis was performed using Kruskal-Wallis ANOVA by ranks test. The patients were divided into two groups: patients subject to conservative surgery and patients who required some form of amputation. Univariate analysis was undertaken with a level of statistical significance set at p<0.05. Later, variables that reached statistical significance were introduced in a stepwise logistic regression analysis using Statplus statistical analysis software (AnalystSoft, Vancouver, British Columbia, Canada).
Results
Of the 498 patients consecutively evaluated in this study, 292 were treated for infection, which amounted to 58.6% of Table 2 . Osteomyelitis was associated with different types of soft tissue infections, but it was more frequent (68.8%) as isolated bone infection (Table 3) . Laboratory finding are shown in Table 4 . White blood cells, leucocytosis and platelet count were significantly higher in the group where osteomyelitis was associated with soft tissue infections. An ulcer was the infection's point of entry in 170 cases (91.8%), whereas in the remaining cases it was perforating injuries. The average ulcer duration was 113 days (SD 264) and the average duration of septic signs was 51 days (SD 111.2). Lower limb ischaemia was detected in 119 patients (64.3%) and peripheral neuropathy in 163 patients (88.1%).
Osteomyelitis was located in the forefoot in 90% of cases, in the midfoot in 5% and in the hindfoot in another 5% of cases. The bone was visible at the bottom of the lesion in 58 cases (31.3%) and probing to bone was positive in 175 cases (94.6%). In ten cases the bone could not be probed through the wound, but there were radiological signs of osteomyelitis in eight of these. Simple x-rays of the foot revealed radiological changes compatible with osteomyelitis in 157 cases (84.8%), with 28 cases (15.1%) showing no radiological changes. In these 28 cases, the bone was visible in ten and in 26 probing to bone was positive and was the only diagnostic tool. Postoperative cultures performed on these 28 cases were positive in 25 cases, with osteomyelitis confirmed by pathological analysis in all cases except one, for which the sample was not representative. Antibiotic treatment prior to admission had been given to 132 patients (71.35%), but we have no data about treatment duration or dosage.
The definitive surgical treatment performed included 91 conservative surgical procedures (49.2%) shown in Table 1 . A total of 94 patients received some degree of amputation, 79 minor amputations (42.7%) and 15 major amputations (8%). Minor amputations consisted of 70 partial or total amputations of toes and nine open transmetatarsal amputations combined with delayed secondary closure. Successful conservative surgery was more frequent in patients with isolated bone infection (p=0) and any type of amputation was more frequent when soft tissue infection was present (p=0.0005). The sequence of surgical treatment is shown in Fig. 1 . Among the patients subjected to successful conservative surgery (n=91), 72 (79.1%) were also subjected to soft tissue debridement and 20.9% were subjected to bone surgery only. In this group, ten patients (10.9%) were Table 5 . One organism was isolated in 108 specimens and two organisms in 46 specimens. None were isolated in 20 specimens. Negative cultures were not related to previous antibiotic treatment (χ 2 test 2.09, df=1, p=0.14). Staphylococcus aureus was the most frequently isolated organism as the cause of the osteomyelitis (47.5%) and was the only bacterium isolated on 61 occasions (64.2%); on 34 occasions (35.7%) it was associated with other organisms. In 35 cases (36.8%) it proved to be methicillinresistant. There were three cases with yeast aetiology.
Histopathological analysis revealed 94 cases (50.8%) of acute osteomyelitis, 43 cases (23.2%) of chronic osteomyelitis, 45 cases (24.3%) of acute exacerbation of chronic osteomyelitis and in the three remaining cases (1.6%) one sample was not representative enough for diagnosis, another was diagnosed as fracture callus and the last was found to have changes compatible with Charcot's neuroarthropathy. In 182 cases histopathological analysis confirmed the diagnosis. The different histopathological types of osteomyelitis were related to the white blood cell count, successful conservative surgery and minor amputations. The variables studied in different histopathological types of osteomyelitis are show in Table 6 .
Univariate study of patients who had been subjected to conservative surgery and of those who had not is shown in 19 minor amputations Fig. 1 The sequence of surgical treatment and numbers treated exposed bone, the presence of lower limb ischaemia and necrotising soft tissue infection. If we exclude patients who were subjected to major amputation and/or died, we are left with 157 patients. Of these, nine were lost during the follow-up period, three currently have wounds that have not healed yet and one died after heart surgery before the surgical wound had healed. In the remaining 144 cases, wounds healed over a median period of 90 days. Median wound healing times in patients with successful conservative surgery was 80 days, (range 12-365) vs 120 days (range 21-365) in the case of minor amputations (p=0.003). Median wound healing times were longer in cases with associated soft tissue infection (p=0.0005) and limb ischaemia (p=0.001).
Discussion
In a recent study of a cohort of 1,666 patients, osteomyelitis was diagnosed in 20% of patients who developed a foot infection [6] . In this study, osteomyelitis was present in 72.2% of the patients with foot infection, which is by far the most frequent type of infection treated in our unit. There is currently a tendency to consider that, with the new medication options, treatment by antibiotics is more feasible [2] , but a review of the literature seems to indicate that antibiotics alone may not be enough. The series in which osteomyelitis was not confirmed by histopathology [7] [8] [9] [10] [11] [12] show healing rates of 53-88% with antibiotic treatment, although in some cases 'limited' debridement was also performed. Others have also suggested that antibiotic therapy combined with debridement of the infected bone can cure most cases of diabetic foot osteomyelitis [13, 14] . Old series with treatment by antibiotics are burdened with up to 30% of below-the-knee amputations [7] ; in other cases amputations or the level at which they have been performed were not recorded when conservative treatment failed [8] [9] [10] .
The studies which support a surgical approach likewise did not report histopathological confirmation [15] and the results of the different surgical working groups are not well evidenced [2] . Like other authors, our group believes that osteomyelitis of the diabetic foot is, once diagnosed, predominantly a surgical disease [15, 16] . However, surgical treatment in one of this series [15] involved major amputations in nearly 25% of cases. Only 57% of 168 patients with limb salvage had complete healing of the wounds (82% of them remained complicated by osteomyelitis). These results are worse than the new series with a predominantly antibiotic-based treatment of osteomyelitis [11, 17] . Where possible, we defend an initial conservative surgical treatment, but the role of this approach is not yet well defined. Most series report amputation as the only possible surgical treatment [18] [19] [20] . In a surgical series, the authors performed a study of 110 patients with histopathological confirmation of osteomyelitis in 96% of cases [18] . They did not perform conservative surgery in forefoot osteomye- litis, but in our experience, conservative surgery was successful in 48% of such patients. Other authors retrospectively compared results in the treatment of osteomyelitis without ischaemia over two different periods [21] . One group of 32 patients belonged to a historical group (1986-1993) of patients treated with antibiotic therapy, offloading and local wound care. The second group consisted of 32 patients subjected to the same treatment and, additionally, to conservative surgery (September 1993 to March 1995). Healing rates were 57% in the group subjected to antibiotic-based treatment and 78% in those who underwent surgery (p<0.008); there was also a significant difference in healing time: 462±98 days compared with 181±30 days (p<0.008). These authors concluded that, in the case of osteomyelitis of the foot in diabetic patients, conservative surgery reduced healing time, the duration of antibiotic therapy and the number of secondary surgical procedures [21] . The contribution of surgery to the treatment of patients with osteomyelitis was shown in a series of 157 patients with complicated ulcers [22] . Of these, 45 patients had osteomyelitis without ischaemia and 41 of them (91%) underwent surgery, conservative surgery in 28 (68%) cases and minor amputations in 13 (32%) cases. In our series, only 66 (35.6%) patients suffered from osteomyelitis without ischaemia. We performed 49 conservative Recently, a multicentre retrospective series was published [23] of non-surgical treatment of osteomyelitis in feet without ischaemia or gangrene and without bone fragmentation in x-ray. These authors showed 64% remission with antibiotic alone in this highly selected series. We believe that inclusion of only patients without ischaemia and/or gangrene, as in these studies, provides an unrealistic view of the problem. In our series, 64.3% of patients suffered from osteomyelitis in an ischaemic foot. Another recent paper reported an apparent remission in 82.3% patients without surgery [17] . Bone biopsy was not performed but the authors did not exclude ischaemic or elderly patients, thus allowing a complete perspective of the problem. They reported a 9% rate of major amputations, similar to our series (8%).
The most important concern about results of treatment of osteomyelitis by different working groups is the endpoint of the studies. Recent series about antibiotic-based treatment defined remission as absence of any sign of infection at the initial or contiguous site [23] or patient survival with limb intact [17] . Another used the term 'healed' with caution because of the potential for osteomyelitis relapse after therapy [11] . Surgery-based series [15] had a high rate of non-healing lesions complicated as a result of osteomyelitis. We believe that the endpoint in diabetic foot ulcers complicated by osteomyelitis must to be complete healing of the ulcer or surgical wound performed to treat the bone infection. When patients are given a course of antibiotics, there is a remission of inflammatory signs, but the ulcer remains open. The remission of infectious signs and symptoms do not represent a cure of diabetic foot osteomyelitis, because the sinus track to the bone could remain open and may act as point of entry for a new deep infection, including limb-or life-threatening infection. When the bone infection is really cured (by antibiotic or surgical treatment), the ulcer always closes. Osteomyelitis is an important cause of hard-to-heal diabetic foot ulcers. Our results show that wounds healed over a median period of 90 days. Longer time of healing was related to associated soft tissue infections, limb ischaemia and non-successful conservative surgical approach.
We have found, like others [4] , that osteomyelitis has different characteristics and prognosis if combined with a soft tissue infection. Our patients with combined infections had higher white blood cell counts, platelet counts and leucocytosis rate. They suffered more amputations than the patients with osteomyelitis only. We have not demonstrated a statistical relation between type of osteomyelitis and soft tissue infection. A novelty introduced in our work is the fact that we undertook a histopathological study of all cases and found three types of osteomyelitis in the diabetic foot: acute, chronic and acute exacerbation of chronic osteomyelitis. An interesting finding in our work is one case of acute Charcot's foot. It is very difficult to gain experience of histopathological changes typical of Charcot's foot because, when neuroarthropathy is in the acute phase, an open biopsy is not indicated. We had the opportunity to perform an open biopsy, due to a diagnostic error by another centre. The clinical course of this patient was confounded with 'lymphoedema'. Walking and weight bearing was permitted over the neuroarthropathic foot. When the patient was admitted, the foot was grossly deformed and infected with an open wound. Through the wound we removed a fragment of talar bone. The pathological report stated: 'cortical fracture with remodelling and reabsortive changes. Posttraumatic bone necrolysis with slight inflammatory changes. No bone marrow inflammatory infiltration. Medullar fibrosis.' These changes were not compatible with osteomyelitis, being, rather, typical of acute fractures. This point is consistent with a recent review of diabetic foot neuroarthropathy [24] . A study on bone histomorphology showed several pathological findings but did not describe in detail the type of inflammation seen in the 29 cases of osteomyelitis [25] . Other authors studied the correlation between bone histopathology and magnetic resonance imaging in 13 patients [26] . They described three types of osteomyelitis (21 cases) in their 57 bone specimens. These pathological reports are very similar to our results, assuming that the terms 'acute and chronic' correspond to our term 'exacerbation of chronic osteomyelitis'. Distribution of pathological findings was: seven cases of acute (33.3%), 11 cases of 'acute and chronic' (52.3%) and three cases (14.2%) of chronic osteomyelitis. We found acute osteomyelitis to be the most frequent type.
Univariate analysis showed that acute osteomyelitis was more common among patients who underwent amputation (p =0.015), chronic osteomyelitis was more frequent among those undergoing conservative surgery (p=0.001) and acute exacerbation of chronic osteomyelitis was equally common in both groups. However, in multivariate analysis, the histopathological type of osteomyelitis did not behave as a predictive factor of the risk of failure of conservative surgery. The only factors that worked as predictors of failure in the case of conservative surgery were exposed bone, the presence of arterial ischaemia and the presence of a necrotising soft tissue infection. Although our study did not have a control group, we have presented our results for surgical treatment of osteomyelitis in the context of other acceptable results and comparable-to-best series. We think that prospective trials should be undertaken to determine the relative roles of conservative surgery vs other approaches.
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